
eration. Fortunately hemolytic streptococcus
empyema cases are rare in civil practice.

The wretched conditions, at times, in the ac-
tive service of military life abroad were very
different from those at home, consequently the
spread of this virulent infection was increased
and individual resistance was diminished.

At Camp Wheeler the writer had some ex-

perience with Carrel-Dakin irrigations; by its
use the odor of the discharge was cleared up
rapidly, and the wound rendered cleaner, hut
the convalescence was not materially altered.
Irrigations had to be omitted in one case, be-
cause of violent coughing, caused by the solu-
tion, which wa>; prepared freshly every day,
and carefully titrated. It is very difficult to
bring the solution in contact with all parts of
a tortuous drainage tract after an open opera-
tion and this is one of the essentials for pro-
ducing results hy means of the Carrel-Dakin
technique. Whittemore inserts rubber tubing
through a trocar and irrigates with Carrel-
Dakin solution, making use of negative pressure
as well, in a closed method of draining the
chest.

conclusions.

1. The advantages of this valve drainage
are:

a. An indirect valve opening is made in the
chest.

b. A valve made of the living tissues them-
selves is the most efficient type, because it does
not get out of order. Mechanical valves in as-

pirating trocars, and devices such as a rubber
dam pasted on three sides of the wound, are

less desirable.
c. In eases of pneumococcus and mixed in-

fection, masses of fibrin, detritus and pus are

readily removed. The gloved finger is able to
break up any recently formed adhesions which
may anchor the lung, and which may prevent
its expansion. The patient is told to cough, and
usually the lung expands readily, obliterating
any cavity.

d. Foreign bodies, if any, may be extracted.
e. Collapse of the lung, mediastinal flapping

and pneumo-thorax may be avoided.
/. More rapid convalescence, avoiding chron-

ic empyema.
2. No empyema should be operated on be-

fore a careful consultation with the medical
man in charge of the case.

3. Too early or too late operation is to be
avoided. The duration, extent, and virulence
of the process in the lung, embarrassment of
respiration from large amounts of fluid, and
progress of the ease are the factors that influ-
ence the surgeon's judgment.

4. Local, combined with paravertebral injec-
tion, is the anesthetic of choice.

5. a. In pneumococcus cases, valve drain-
age with pleurotomy or rib resection with in-
direct drainage of the chest may be used to ad-
vantage.

b. In streptococcus cases, particularly in
hemolytic streptococcus infection, Kenyon's
tube, with or without suction, or repeated as-

pirations may be of value, allowing no air to
enter the chest.

6. The surgical treatment should be supple-
mented by careful attention to a high caloric
diet, principally milk and raw eggs for the first
few daj's.

7. Medication in the form of digitalis leaves
or other cardiac stimulants to tide over the lung
infection, morphine for pain, tincture nux vóm-

ica as an appetizer, and later iron are given as
indicated.

8. Good nursing, warmth, and fresh air are

absolutely essential.
9. Early bottle-blowing and later proper

gymnastic exercises are desirable to stimulate
lung and chest expansion and prevent deform-
ity.

10. A half-sitting position aids respiration
and drainage after operation.

11. A direct opening into the pleural cavity
should not be made in acute empyemata.

12. The writer has not been favorably im-
pressed by the use of serologieal treatment.

CHEST CONDITIONS RESULTING FROM
WAR WOUNDS AND THEIR SURGICAL
TREATMENT.

By B. H. Alton, M.D., Worcester, Mass.

In writing this article it is my desire to
bring before you a few conditions of the chest
resulting from war wounds and their surgical
treatment as practised in the British casualty
stations' in France.

War wounds of the chest vary in so many
respects that an adequate description of them
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is almost impossible. Yet they have a similar-
ity and present lesions of the same nature.

The type of wounds of the chest most fre-
quently seen are those caused by bullets and
shell fragments. The bullet wounds, especially
ithe through and through wounds, are of little
interest from a surgical point of view. The
entrance and exit wounds are small and usu-

ally they go on to recovery without infection,
or develop one of mild degree. Occasionally a

bullet will carry into the lung a small amount
of clothing which may later cause an empyema.

Wounds caused by shell fragments may pene-
trate the chest wall and lie on the surface
of the lung, or bury themselves in the lung
tissue at varying depths. Others may traverse
the lung and pass through the opposite side
of the chest causing much destruction in their
flight. Others may cause a large wound on
the chest wall which may gutter the lung, or
a direct blow may fracture the ribs and cause

a large wound on the surface of the lung.
One cannot judge from the size of the en-

trance wound just bow much damage is done
to the lung tissue. Oftentimes a fragment
causing a more or less innocent entrance
wound, tears a large ugly rent in the lung.
Wounds of the lung often give rise to severe

hemorrhage. Fragments tearing through the
hilus and rupturing the great vessels of the
mediastinum cause fatal hemorrhages. Three
are seldom seen at the advanced operating
centers as they usually die on the field of bat-
tle.

If the entrance and exit wounds are closed
and the lung is bleeding, the retraction of the
lung and pressure of the haemothorax tend to
check the hemorrhage. In these cases life is
threatened less by the actual hemorrhage than
by the compression of the heart and medias-
tinum causing a sudden dyspnea and probable
death.

During the early period of the war these
cases were usually treated by repeated aspira-
tion which resulted in a high mortality. Dur-
ing the latter period of the war they were
treated by opening the thorax and arresting
hemorrhage by suturing the lung tissue which
afforded perfect hemostasis. The latter method
gave a much higher percentage of recoveries.

In the open thorax where free hemorrhage
is present, it should be arrested at once by the
proper surgical procedure. If the bleeding
is coming from a parietal vessel, it should he

ligated; if the lung is bleeding, suture of the
lung tissue is indicated.

Secondary hemorrhage may appear up to
several days after the primary hemorrhage has
been arrested. This may be caused by allow-
ing the lung to expand too soon after injury,
or to a small piece of cloth retained in the
track, causing an abscess with erosion of a

large vessel following.
When the track of the fragment passes

through the lung and where the damage is not
excessive, the thorough cleaning of the track
can be brought about by compressing the lung,
thus bringing the exit and entrance wounds
close together. A narrow strip of gauze is
passed through the track which will remove
necrotic tissue, pieces of cloth, and bone frag-
ments. The entrance and exit wounds are
closed hy deep sutures. In this type of case,
if the lung is allowed to expand too soon after
repair a secondary hemorrhage is very apt to
occur.

In the cases with gutter wounds or where
the track is near the surface of the lung, the
track can be excised completely and the lung
surfaces brought together with deep sutures.
In this type of repair the lung can be ex-

panded immediately without danger of hemor-
rhage.

Two methods of expanding the lungs were
used. Aspiration, which was done immediately
following closure of the chest, or by inflation
of the lung by the use of the small nitrous ox-

ide apparatus. To expand the lungs with the
nitrous oxide machine a close fitting mask is
necessary. The anesthesia is given under pres-
sure, which keeps the lungs expanded while
the thorax is being closed. When the pressure
is released the lungs remain expanded. I have
not. seen secondary hemorrhage occur where
this method was used.

Many chest cases reach the casualty clearing
station having a severe pulmonary hemor-
rhage. Usually they are in severe collapse, and
many have large sucking wounds. Then the
question arises,—can operation keep them from
certain death? It has been definitely shown
that an operation that is done rapidly, skilfully,
and gently, saves many of these cases.

Surgical treatment of wounds of the chest
has been greatly advanced during the war. As
a whole they are treated like any other gun-
shot wound. Infection of the wounds of the
chest and lungs is a great factor as in any
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other part of the body. The wounds show the
same destruction and the same necrosis of tis-
sue. Infection is carried into the thorax by the
metal fragments, pieces of cloth, and bone
splinters.

In war surgery the main object is to pre-
vent infection of the wound. To accomplish
this it is necessary to excise all devitalized
tissue and to remove all foreign bodies.

In the earlier part of the war foreign bodies
were not removed from the lung. Abscesses,
pleuro-pulmonary infection, hemorrhage and
empyema resulted. During the latter period
of the war all accessible foreign bodies were
removed with a marked decrease in mortality.

It has been definitely proved that a lobe of
the lung can be delivered on the surface of
the chest in the same manner as the abdominal
viscera can be delivered on the belly wall.
Manipulation of the lobe, incision, resection of
devitalized tissue, suture and closure of the
thorax is the accepted procedure.

The method generally used in extracting for-
eign bodies from the lung is to deliver the
lobe and then compress the lung gently be-
tween the thumb and fingers. In this way the
foreign body can he felt and it can either be
removed through the track made by the mis-
sile or through an incision made over it. It is
not enough merely to extract the fragment of
metal from the lung tissue, for in its flight it
usually carries with it pieces of clothing and
bone splinters, which, if not removed, may set
up a grave septic condition.

The cleansing of a gutter wound or of a

track near the surface of the lung is a com-

paratively simple matter, as the whole track
can be excised and the surfaces brought to-
gether with deep sutures. When we are deal-
ing with a through and through wound of the
lung a much different problem confronts us.

The entrance and exit wounds can be cleaned
and sutured. Here we are taking a chance and
hope that the infection in the track will be
taken care of. At least the pleural cavity is
being shut off from the infection from the
lung.

In most through and through wounds of the
lungs the track can be cleaned by the gauze
method. However, if the track is easily acces-
sible a complete excision is the surer method.
The results have been much more satisfactory
where the track has either been cleaned with
gauze or by complete excision.

It is very essential that the lung surfaces
should be carefully examined for splinters of
bone that have punctured the pleura. Often-
times thejr are seen sticking into the lung and
some are driven beneath the surface. Most of
these splinters carry infection due to contact
with the missile, and if left in the lung, ab-
scesses often develop around them.

Many of the chest cases have open wounds;
they are spoken of as the open thorax, blowing
or sucking wounds. Air passes in and out dur-
ing each respiratory movement. These cases
call for immediate operation as it protects the
pleura against infection from without and also
lessens the possibility of asphyxia, which often
happens in an open thorax.

To lessen these two possibilities precautions
were taken during the latter part of the war

by having the open wounds plugged with
gauze or the skin sutured over the opening at
the advanced dressing station. As a rule,
when these cases arrived at the casualty clear-
ing stations, they were fit for immediate op-
eration, and a fewer number of pleural infec-
tions resulted.

Surgical Procedure. Experience has shown
that there is little to fear in allowing the air
to enter the pleural cavity with complete col-
lapse of the lung. It is necessary to handle
the lung, to inspect it, to incise it, and to
swing it about on its pedicle. In order to do
these various things, the lung must be in a

state of collapse.
All these maneuvers mentioned above, if they

are made with gentleness, have no influence on

the action of the heart. The respiration main-
tains its normal rhythm, frequency, and ampli-
tude, andj shock is at a minimum. General
anesthesia is the method most frequently used,
 —nitrous oxide anesthesia, is the method of
choice, but chloroform and oxygen give very
good results. Local anesthesia is used in suit-
able cases.

To remove thoroughly all the damaged and
infected tissue of a wound of the chest, the
wound must be completely resected. With
large scissors the skin is removed from one-

fourth to one-half inch from the edge of the
wound. The damaged fascia, fat, and muscles
are likewise removed. The opening into the
thorax usually involves at least one rib. The
fractured ends are removed well back from the
damaged portions by means of bone forceps.

When the wound is thoroughly excised, it is
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enlarged to admit the hand. The removal of
five inches of one rib is usually enough to ad-
mit the hand and to allow for free manipula-
tion and delivery of the lung. Retraction on

the neighboring ribs, above and below, widens
the opening im the chest, making manipulation
less difficult.

To deliver a lobe of the lung it is gently
seized with light, elastic, non-crushing forceps,
and by gentle rotary movements the lobe is
delivered through the opening. It is received
immediately in warm moist compresses, and
is then carefully inspected on all its surfaces.
After the lesion is located the opening into the
thorax is plugged with wet gauze to obviate
the to and fro movements of air during opera-
tion.

Gutter wounds, and tracks near the surface
of the lung are completely excised. Large
bleeding points are ligated, the general ooze

is stopped when the lung surfaces are approx-
imated by deep sutures.

This is best accomplished by using a large
curved, non-cutting needle. A running stitch
is used, and care must be taken to include
the depths of the wound, and also to approx-
imate accurately the pleural edges. These
sutures should not have too wide a bite, in
order to guard against their tearing through
lung substance during inspiration, when ten-
sion is put on them.

When the foreign body is retained in a lobe,
it is compressed with the hand, the foreign
body is either removed through the track or an

incision is made over it. The entrance of the
track is excised, and it is thoroughly cleansed
of all necrotic tissue, cloth and bone fragments.
The entrance of the track is closed with deep
sutures. The through and through wounds
are treated in like manner, unless the track is
near the edge of the lobe, and then it should
be completely excised.

Each lobe should be examined separately.
When all the damage has been repaired the
lung is replaced within the thorax. The pleural
cavity is then emptied of blood and clots. The
blood is best removed with wet gauze well rung
out. The clots are removed by sponges held
in long forceps. Every portion of the cavity
must be thoroughly explored and all clots re-
moved.

The thorax is closed by muscle flaps. The
muscles are sutured in one or two layers. The
closure must be air tight. The air in the

pleural cavity can either be removed at the
time the thorax is being closed or later, by
aspiration as described above. Spontaneous
absorption of the air proceeds quite rapidly,
but is not completely effected for several days.
As a rule, the patient breathes more quietly
and suffers less when the pneumothorax has
been done away with.

After operation and closure of the thorax
serous exúdate usually appears. Repeated tap-
pings often clear up this condition. In other
eases exúdate continues to accumulate and may
become purulent. If the lung is kept more or
less expanded by repeated tappings until ad-
hesions take place to the chest wall, the em-

pyema cavity becomes walled off, then free
drainage is indicated.

In the early part of the war thoracotomy
was practised on the lines of the civil opera-
tions for empyema. A small portion of the
rib resected, the contents of the empyema cav-

ity evacuated, and a large drainage tube in-
troduced. Cases treated in this manner often
remained with open wounds for weeks and
months.

Later thé Carrel-Dakin treatment was used.
Instead of one large tube, several small tubes
were placed at varying intervals over the cav-

ity. Some gauze loosely packed around the
opening and a return flow assured drainage
of excess fluid. Dakin's solution was allowed
to flow into the cavity in the usual manner.
Cases treated with this method had a much
shorter convalescence, the wounds were ready
to close at the end of ten days to two weeks
after treatment was begun.

All chest cases, whether they were being
treated by the expectant or operative method
were immobilized in a semi-recumbent position.
Movements of all kinds are to be avoided, and
therefore retention of the wounded man at
the casualty clearing station for many days
is very necessary. The fact that in fthe first
two days the deaths are due chiefly to hemor-
rhage, and in later stages to sepsis, must direct
the timely and appropriate treatment.

Public Health Service Appointments.—It
has been announced that Dr. Rupert Blue,
former1 Surgeon General of the Public Health
Service, and Senior Surgeon Joseph H. White
have been nominated assistant surgeons general
at large of the Public Health Service.
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